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Possible Application of Nuclear Magnetic Resonance (NMR) 
Imaging to the Study of Brain Edema in 
Sliced Rat Brain 
REIN IN As A TO 
Department of Neurosurgery, Kyoto University Medical School 
(Director: Prof. Dr. HAJIME RANDA) 
A series of the sliced rat brain were imaged by proton nuclear magnetic resonance (1H-NMR) 
imaging using a Carr-Purcell-Meiboom-Gill pulse sequence. The slices were obtained from 
adult male ¥Vistar rats, normal or suffering from cryo injury induced edema at 10 min, 2, 
6, 12, 24, 48 Hr, 3, 4, 5, 6, 7Days period after injury. Imaging time was arranged 3 to 15 min 
dependently upon NMR parameters. The slice thickness was 2 mm, and pixel dimensions were 
0.2×0.2mm. 
Whereas a voxel size in our images is mere 1/700 compared to that reported about the 
prototype human Xl¥IR imaging devices, high resolution has been realized. The spatial reso-
lution is very fine as evidenced by the appearance of major internal structures of the rat brain, 
and the object contrast is so high that cerebral white-gray contrast is excellent, although the 
di仇rencein water concentration between them is only 7%. 
Signal intensity in I¥MR images is dependent not only on the density of hydrogen nuclei 
but also on both T 1 and T 2 relaxation times of them in local tissue. Pathological process 
might be seemed to change the local environment of hydrogen nuclei and to take efects on 
their relaxation times, more than to change the hydrogen density. So that the extent of 
edema in gray matter was clearly shown with a striking contrast. Intravenously i吋ectedEDTA-
2N a-:¥Jn leaked from the circulating blood through the damaged capillary wall, and showed 
"paradoxical enhancement" e仔ecton I¥ 1¥IR images. Thus paradoxical enhancement might 
be available to evaluate the blood-brain barrier permeability changes in NMR images. 
Key words: Cryo-injury edema, 1H-NMR imaging, Blool》ーbrainbarier, Paramagnetic ions, Paradoxical en-
hancement. 
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は T1の数分の lである1,11). ととで T1はスピン格
子緩和時間（thespin lattice relaxation time）又は縦緩
和時間（thelongitudinal relaxation time）と云い，プロ
トンと環境との相互作用を反映する定数で， T2はス























Table 1. Elementary composition of mammalian brain tissue and 
NMR sensitivity for selected elements 
↓Vl司玩1；吾氏面面示I己n N l 
Elements of in Iirain (%) Ab aγa Overall Tissue 
Biological Interests 一一 • ~%~nee Nl¥IR Sen山 vity
Gray ¥Vh1旬、／
1H 64. 659 63. 992 99. 985 1. 000 
13ぐ 5.134 8. 968 1. 11 2. 5×10 4 
1•N 0. 794 0. 788 99. 63 3.1×10-a 
170 29. 213 26. 057 0. 037 4. 9×10 ·• 
23N a 0. 040 O. 033 100 1. 0×10-3 
31 p 0. 067 0. 085 100 1. 4×10-3 
35Cl 0. 026 o. 021 75. 53 8. 4×10-s 
39K 0. 067 0. 056 93. 1 1. 1×10-4 
From Basic N eurochemistry, Little, Brown, 1972; J N eurochem 7: 
259-263, 1961; J Neurochem 9: 115-118, 1962; Nuclear Mag-



















Fig. 1. Behavior of a net magnetization in NMR experiments 
一一歩
Nuclear spins of hydrogen nuclei in the static magnetic field Ho line up preferen・ 
→ 
tially in the direction of the白Idto produce a net magnetization Mo in the十Z
→ 
direction. A short radiofrequency pulse H1 rotates the net magnetization around 
X' axis. Recovery process of the excited nuclear spins is detected as induced ele-
ctrical currents in a receiver coil in XY plane. Echo envelope decay curve appro-
’ーximately represents the recoveηr process of Y’component of Mo and longitudinal 
magnetization recoveηr curve represents that of Z component. 
































経時変化の観察：凍結損傷作成後10分， 2' 6' 12, 






合させた EDTA-2Na-Mn塩（M.W. 429.16, Analy・ 




H1 π π π 
Hz 






Fi邑.2. Representation of the’scanning sequence 
Initial 90° pulse is followed by eight sequential 180° puls"'・ with pulse spacing 2a. 
Echo signals are observed at time a after each observation 180° pulse 日itha品eld
gradient Gzx・ The cycle is repeated twclvじ timesat pulse interval ムafterthat 
another experiment is started ¥vith the品eldgradient rotated through 4 '. Field 
gradient Gy for slice selection w川 notused in thi店、tu【ly.
885 
大量に静脈内投与ができる町．脳切片採取2時間前に に投与した・ i'ft脈内投与には 300m¥1 ／；；伎を，腹腔内
0.1～0.2 m ¥l /100 g体重を静脈内および腹腔内へ同時 投与には 100m:¥l溶液を用いた．凍結損傷を同時に
Fi邑.3. '¥ ¥ l R imaf!e of normal sliced rはtbrain 
同licethick ；~＂＂ w山 2mm; imaging time wa.s 15 11i1ul'、 Fi1 in 




























Fi邑.4. '>¥IR ima(!e of brain edema from sliced rat urain 、Ii《ethickness 鴨川 2mm; imaging time was 15 minutes. Brain slice was obtained 
10 minutes after cryo-injury. Edematous region is well visualized. Si日nalinten-

























Fi邑.5. Chronological sequences of brain edema 
Edema extends to maximum at 12 hours after injury and gradually decreases in its 
extent thereafter. Basal gan耳liaseem to be spared. 
888 日外宝第51巻第6号（昭和57年11月）
Fig. 6. Paradoxical enhancement with EDT A・2Na-Mn
Both images were obtained from same slice at 2 hours after injury. EDTA-2Na-
:¥In solution was 1吋ectedbefore sacrifici時・ Left:Image with Tr parameter b= 
1.6 sec. No region of high signal intensity is shown. Right: Image with b=0.3 














































る）， T1, T2は夫々観測核の緩和時間， a,bは Fig.2 






















る） Iとより巨視的磁化＇.＼ Ioを X’軸を中心lζ ＋v’軸
方向へ90°回転させ，更に T時間後lζY’軸方向の磁
場H2!Cよって Y’軸を中心lζ180° 回転させ，その 7
時間後に FID信号のエコーを得る． このエコーの減















































































































と Mn-EDTAが漏出した組織の Ti,T• が短縮され
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